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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with die patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to by the 
Comptroller-General. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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Gear Change Mechanism 

The present invention relates to a gear change mechanism and particularly, but not 
exclusively, to a gear change mechanism for effecting a gear change in a gearbox of a 
vehicle. 

5 British Patent No. GB 2280004, in the name of the present applicant, discloses an hydraulic 
actuator for effecting a gear change in a vehicle gearbox whereby gear changes may be 
effected automatically upon the driver initiating a gear change operation. The present 
invention aims to provide an improved gear change mechanism. 

1 0 Accordingly, there is provided a gear change mechanism for a gearbox, including a housing, 
a first actuator assembly disposed within the housing connectable to a gearbox selector, said 
gearbox selector being mounted on an axis and movable in an axial direction and about its 
axis to a plurahty of positions for effecting a change of gear in said gearbox, the first actuator 
assembly including: a first cylinder, a first shaft located within the first cylinder, the first 

15 shaft being connected to said gearbox selector and movable to move said gearbox selector 
in said axial direction between a plurality of axial positions according to the gear to be 
selected in the gearbox, the first shaft being driven in said axial direction by a first piston 
assembly coaxial with the first shaft, the first piston assembly including a pair of annular 
pistons located about the first shaft, wherein said plurality of axial positions includes two 

20 end positions each corresponding to gears to be selected in the gearbox and two positions 
intermediate the end positions each corresponding to other gears to be selected in the 
gearbox. 

The gear change mechanism may additionally include a second actuator assembly 
connectable to said gearbox selector, the second actuator assembly including a second 
25 cylinder, a second shaft located within the second cylinder, the second shaft being cormected 
to said gearbox selector and movable in its axial direction to move said gearbox selector 
about it axis to a plurality of positions according to the gear to be selected in the gearbox, 
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the second shaft being driven in its axial direction by a second piston assembly coaxial with 
the second shaft, the second piston assembly including a pair of annular pistons located about 
the second shaft, wherein said plurality of positions includes two end positions each 
corresponding to gear engaging positions and position intermediate said end positions 
5 corresponding to a neutral gear position. 

Preferably, the or each cylinder is divided into four chambers, each chamber being defined 
by one of said annular pistons and a respective portion of the cylinder and said chambers are 
arranged to be supplied with pressure fluid thereby to move said shaft relative to the cylinder. 

Advantageously, each of a first two of said chambers may be constantly supplied with 
10 pressure fluid and each of a second two of said chambers may be selectively supplied with 
pressure fluid by a respective valve means connected thereto. Alternatively, each chamber 
in said cylinder may be selectively supplied with pressure fluid by a respective valve means. 

Said pressure fluid may be pressurised hydrauhc fluid or may be pneumatic fluid e.g. air. 
Alternatively, said first two of said chambers may be supplied with pressurised air and said 
1 5 second two of said chambers may be supplied with pressurised hydraulic fluid. 

According to a second aspect of the present invention, there is provided a gear change 
mechanism for a gearbox including a housing, a first actuator assembly disposed within the 
housing connectable to a gearbox selector, said gearbox selector being mounted on an axis 
and movable in an axial direction and about its axis to a plurality of positions for effecting 

20 a change of gear in said gearbox, the first actuator assembly including a first cylinder, a first 
shaft located within the first cylinder, the first shaft being connected to said gearbox selector 
movable to move said gearbox selector in said axial direction between a plurality of axial 
positions according to the gear to be selected in the gearbox, the first shaft being driven in 
said axial direction by a first piston assembly co-axial with the first shaft, the first piston 

25 assembly including a pair of annular pistons located about the first shaft wherein said 
plurality of positions includes two end positions each corresponding to gears to be selected 
in the gearbox and at least one position intemiediate the end positions said at least one 
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position corresponding to another gear or gears to be selected in the gearbox, wherein the 
first cylinder is divided into four chambers, each chamber being defined by one of said 
annular pistons and a respective portion of the cylinder and said chambers are arranged to be 
supplied with pressure fluid thereby to move said shaft relative to the cylinder each of a first 
5 two of said chambers being selectively supplied with pressure fluid by a respective valve 
means connected thereto and each of a second two of said chambers being arranged to draw 
in or force out pressure fluid according to movement of said pistons. 

The present invention will now be described, by way of example only, with reference to the 
1 0 accompanying drawings in which: 

Figure 1 is a perspective view of a preferred form of gear change mechanism according to 
the invention; 

Figure 2 is a perspective view of a preferred form of gear selector mechanism according to 
the invention; 

15 Figure 3 is a section through the gear change mechanism of Figure 1 on the line A-A 
showing a first actuator assembly in a left-most position; 

Figure 4 is a section through the gear change mechanism of Figure 1 on the line A-A 
showing a first actuator assembly in a "middle left" position; 

Figure 5 is a section through the gear change mechanism of Figure 1 on the line A-A 
20 showing a first actuator assembly in a "middle right" position; 

Figure 6 is a section through the gear change mechanism of Figure 1 on the line A-A 
showing a first actuator assembly in a right-most position 

Figure 7 is a section through the gear change mechanism of Figure 1 on line B-B showing 
a second actuator assembly in a central position; 
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Figure 8 is a section through the gear change mechanism of Figure 1 on the line B-B showing 
the second actuator assembly in the left-most position; and 

Figure 9 is a section tiirough the gear change mechanism of Figure 1 on the line B-B showing 
the first actuator assembly in the right-most position;. 

5 Referring to Figure 1 , a preferred form of gear change mechanism according to the invention 
is shown generally at 10. The mechanism is intended to be used primarily, but not 
exclusively, in an automatic or semi-automatic gearbox arrangement of a vehicle whereby 
gear changes are initiated by control signals applied to the mechanism which signals may be 
generated by a computer on the vehicle or manually by the driver of the vehicle. 

10 In this embodiment, the mechanism 1 0 is powered hydraulically by pressurized fluid through 
a valve assembly (not shown). The control input signals referred to above are thus used to 
activate or deactivate selectively the valve assembly thereby to operate the gear change 
mechanism. 

The mechanism 10 includes an outer housing 12 providing ports (not shown) for the 
15 introduction and discharge of hydraulic fluid to and from the mechanism. A gear selector 
mechanism, shown in detail in Figure 2, is disposed within a central portion 14 of the 
housing 12. The housing 1 2 also contains a first actuator assembly 1 8 and a second actuator 
assembly 16. The first actuator assembly 18 extends perpendicular to and below the second 
actuator assembly 16. 

20 The gear selector mechanism 20 has an actuator arm 22, the purpose of which is described 
below, fixed to a substantially aimular hub portion 26. A selector finger 24 is also fixed to 
the hub 26 diametrically opposed to the actuator arm 22. The hub 26 is moimted on a shaft 
28 for sliding movement along the shaft and rotational movement about the axis of the shaft, 
the shaft being fixed within the housing 12. 



25 The finger 24 is arranged to engage with a conventional gearbox (not shown) in known 



maimer such that movement of the ami either in the axial direction of the shaft 28 or 
rotationally about the shaft causes a change of gear in the gearbox. Specifically, there is 
shown in Figure 2 for illustrative purposes a typical gearbox layout with which the 
mechanism of the present invention can operate. The layout serves a seven-speed gearbox 
5 being of a so-called "double-H pattern", having gears 1 to 4 in a standard H pattern 
arrangement, and then a second H pattern arrangement for gears 5 to 7 and reverse. 



Gears 1 and 2 are therefore opposite one another on the first "rail" of the gearbox, gears 3 and 

4 are opposite one another on a second rail of the gearbox and gears 5 and 6 and gears 7 and 
reverse are opposite one another on third and fourth rails of the gearbox respectively, to 

10 provide a so-called four-rail gearbox. Other gear arrangements can also be accommodated 
by the mechanism 10 but the following description is made in relation to the illustrated 
arrangement. 

As indicated in Figure 2, rotational movement of the arm 24 about the shaft 28 causes 
selection between gears which are opposite one another on a common rail, such as between 
1 5 gears 1 and 2 or between gears 5 and 6. Movement of the arm 24 in the axial direction of the 
shaft 28, on the other hand, causes selection of different rails. 

In this embodiment, for example, gear selection between gears 1 and 2, gears 3 and 4, gears 

5 and 6 and gears 7 and reverse requires only rotational movement of the arm 24, while gear 
selection between gears 2 and 3, gears 4 and 5 and gears 6 and 7 requires both rotational 

20 movement of the arm 24 to a central neutral position and then movement of the arm 24 in the 
axial direction of the shaft 28 to the next rail of the gearbox on which the target gear lies. 

Separate drive means, in the form of actuator assemblies 1 6 and 1 8 are provided for each of 
the axial and rotational movements of the gear selector mechanism 20. 

The drive means for the rotational movement of the gear selector mechamsm 20 is achieved 
25 by actuator assembly 1 6, a section through which is shown in Figures 7 to 9. The actuator 
assembly 16 has a shaft 30 disposed axially within it for limited axial movement therealong. 




The shaft 30 comprises two portions 32, 34 (hereinafter referred to as left- and right-portions 
32, 34) joined by means of a central portion 36 of greatly reduced diameter. The presence 
of the central portion 36 provides a recess 38 in which an upper portion of the actuator arm 
22 of the gear selector mechanism 20 is engaged. 

The shaft also comprises end portions 40, 42 disposed on the free end of portions 32 and 34 
respectively, the end portions being of slightly reduced diameter compared to portions 30 and 
34. The reduced diameter of the end portions provides a shoulder 44, 45 on the left- and 
right-portions 32, 34 of the shaft respectively. The free end of each of the end portions 40, 
42 has a snubber in the form of a plate 46, 48 of slightly increased diameter. 

Each end of the cylinder is provided with a recess 50, 52 being sized to receive the respective 
snubber 46, 48 on the shaft 30. The shaft 30 is free to move axially within the cylinder such 
that when the shaft is at its left-most position, the snubber 46 is seated in the recess 50. 
Conversely, when the shaft is in its right-most position, the snubber 48 is seated in the recess 
52. 

Each end portion of the shaft 40, 42 has a respective annular piston 54, 56 slidably mounted 
thereon. Each piston is free to slide along the respective end portion of the shaft but its 
movement is restricted by the shoulder 44, 45 at one end and the snubber 46, 48 at the other 
end. Relative movement of the pistons within the cylinder is also restricted by the ends of 
the cylinder and by a respective abutment means in the form of a sealing collar 58, 60 located 
adjacent the middle of the cylinder. 

The sealing collars 58, 60 and the pistons 54, 56 serve to divide the cylinder into four distinct 
chambers A - D, chamber A being defined between the left end (as depicted in the drawing) 
of the cylinder and the piston 54, chamber B being defined between the piston 54 and the 
left-hand sealing collar, chamber C being defined between the right-hand sealing collar and 
25 piston 56 and chamber D being defined between the piston 56 and the right-hand end of the 
cylinder. 
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Each chamber has a respective port (not shown) to allow pressurised flviid (hydraulic or 
pneumatic) to enter and/or to be discharged therefrom. In this embodiment, the feeding of 
fluid to and discharging from chambers A and D is each controlled by a valve (not shown). 
The left and right sealing collars 58, 60 defining respective ends of chambers B and C are 
5 arranged to allow trapped air and hydraulic fluid within chambers 2 and 3 to be vented to the 
gearbox cavity. 

Movement of the shaft 30 will now be described. Movement of the shaft to a central position 
(Figure 7), causing movement of the gear selector assembly into a neutral position, is 
achieved by actuating the valves mentioned above in order to supply chambers A and D with 
10 pressurized hydraulic fluid. The pressurized fluid forces the pistons 54 and 56 to move 
towards each other on the shaft and engage the respective shoulders 44, 45. The shaft thus 
moves into a central position with the pistons abutting with both the shaft shoulders and the 
sealing collars. 

This movement of the shaft causes the actuator arm 22 of the gear selector mechanism 20, 
15 engaged in the recess 38, to rotate to a central position corresponding to neutral in the 
gearbox. 

Movement of the shaft to the left (Figure 8) is achieved by actuating the valves to cause 
chamber D only to be suppUed with pressurized hydraulic fluid. The shaft 30 moves to the 
left owing to the pressurized fluid in chamber D until the snubber 46 is seated in the recess 
20 50 in the end of the cylinder. During this movement of the shaft, the piston 56 remains in 
abutment with the right-hand sealing collar and the shaft moves relative tho-eto until snubber 
48 is in abutment with the piston. The left-hand piston 54 remains in contact with shoulder 
44 on the shaft but moves to the left relative to the cylinder by virtue of the movement of the 
shaft. 



25 



Movement of the shaft to the left causes the gear selector mechanism to rotate (anticlockwise 
in the drawing) to cause a gear to be selected in the gearbox. 
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Movement of the shaft to the right (Figure 9) is achieved in the reverse manner by supplying 
chamber A only with hydraulic fluid which forces the shaft to the right and thus causes 
rotation (clockwise in the drawing) of the gear selector mechanism thus causing a change of 
gear to be selected. 

5 Movement of the gear selector mechanism 20 in the axial direction of the shaft 28 is achieved 
by actuator assembly 18. The actuator assembly 18 is essentially similar to the actuator 
assembly 16 but with a number of minor modifications. Firstly, chambers A and D have a 
portion 70, 72 adjacent the ends of the cylinder having a reduced diameter. This portion of 
reduced diameter provides abutments 62 and 64 past which the pistons are unable to move. 

10 Secondly, the left-hand end portion 40 of the shaft 30 is longer than the right-hand end 
portion 42 and the right-hand portion 34 of the shaft 30 is longer than the left-hand portion 
32. The combined length of the left-hand portion 32 and end portion 40 is substantially 
similar to the combined length of right-hand portion 34 and end portion 42. The actuator 
assembly 18 of Figures 3 - 6 is arranged to move to four different positions, corresponding 

15 to the four rails of a seven-speed gearbox. 

Chambers B and C are linked together by piping and coimected directly to a constant 
pressure source (not shown). The constant pressure source is a gas accumulator or other 
compliant means which provides a constant gas pressure to chambers B and C with the gas 
acting as a spring. Thus, cylinders B and C are "actuated" if a greater opposite force (caused 
20 by pressure fluid in chambers A or D) is not present. 

Chambers A and D are controlled by two separate valves to selectively supply pressurised 
hydraulic fluid thereto. 

Movement of the actuator assembly 18 to each of the four positions will now be described. 
To move the shaft to its left-most position (Figure 3), chamber D is supplied with pressurised 
25 hydraulic fluid which forces the shaft 30 to move to the left until the snubber 46 engages with 
the recess 50 in the end of the cylinder. The movement of the shaft to the left causes the 
right-hand snubber 48 to abut with the piston 56 which is thus moved to the left also until it 
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abuts with the right-hand sealing collar 60. The force pushing on the piston from chamber 
C is overcome due to a 2: 1 piston area ratio of chamber D over chamber C. Movement of the 
shaft to its left-most position causes the gear selector mechanism to slide axially along the 
shaft 28 to a position corresponding to, for example, the first rail on the gearbox on which 
5 gears 1 and 2 are located. 

From the left-most position, the shaft 30 is moved to a "middle left" position (Figure 4) in 
order to move the gear selector assembly to a different rail of the gearbox. This is achieved 
by supplying pressurised hydraulic fluid simultaneously to chambers A and D such that the 
pistons 54, 56 move towards each other on the shaft and engage the respective shoulders 44, 
10 45. The shaft thus moves into a central position with the pistons abutting with both the shaft 
shoulders and the sealing collars. Again, the force pushing on the pistons from chambers B 
and C is overcome due to the 2: 1 piston area ratio of chambers A and D over chambers B and 
C, 

It will be appreciated that this operation is similar to moving the shaft of the first actuator 
15 assembly 16 to its middle position. In this case, however, the difference in length of the left 
portion 32 of the shaft compared with the right portion 34 means that the shaft 30 is moved 
to a position slightly offset to the left of the central position. 

From the middle-left position, the shaft is moved to a middle-right position (Figure 5) to 
move the gear selector assembly to the third rail of the gearbox. In this case, both chambers 

20 A and D are vented to allow the constant fluid pressure in chambers B and C, supplied by the 
accumulator, to move the pistons 54, 56 away from each other. Owing to the shorter right- 
end portion 42 of the shaft 30, the right-hand piston 56 collides with the right snubber 48 
before the left-hand piston 54 collides with the left snubber 46 and the shaft 30 is therefore 
moved to the right. The right-hand piston 56 collides with the narrower portion of chamber 

25 D whilst the left piston 54 collides simultaneously with the narrower portion of chamber A 
and the left-hand snubber 46. The shaft 30 is thus moved to a position slightly offset to the 
right of centre. 
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From the middle-right position the shaft is moved to the fully-right position (Figure 6) in a 
maimer opposite to the movement of the shaft fully to the left. In other words, chamber A 
is filled with pressurised hydraulic fluid which moves the shaft to the right until the right- 
hand snubber 48 engages with the right-hand recess 52 in the end of the cylinder. At the 
5 fully right position of the shaft, the right-hand piston 56 is trapped between the shoulder 45 
on the shaft and the narrower portion of the chamber D whilst the left-hand piston 54 is 
trapped between the left snubber 46 and the left-hand sealing collar 58. Movement of the 
shaft to the fully-right position causes movement of the gear selector mechanism to the last 
rail on the gearbox. 

10 It will be appreciated that the three position movement of actuator assembly! 6 and the four 
position movement of actuator assembly 1 8 allows the selection of eight different gears with 
the centre position of the three position actuator assembly representing a neutral gear 
position. Both of the above described actuator assemblies are provided with only two valves 
which reduces the control inputs needed to actuate the gear change. It is quite possible, of 

15 course, that more valves may be used as necessary in order to selectively supply particular 
chambers with pressure fluid and little or no modifications to the gear change mechanism are 
needed to incorporate such altematives. 

While the above embodiment is described in respect of a seven-speed gearbox, the 
mechanism may equally be applied to a five-speed gearbox in which case the actuator 
20 assembly 18 may be replaced by a three-position actuator assembly, similar to that of 
actuator assembly 16. The gear change mechanism may be used with any existing gearbox 
layout. 

It will be appreciated that the gear change mechanism of the present invention allows for a 
large number of gears to be selected in a gearbox using a minimum number of valves or 
25 associated control mechanisms. This reduces the control inputs required to effect a gear 
change. 
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